Abstract for Invited Lecture to be presented at 

10 th CEAS-ASC Workshop on Jet Noise Prediction Methodologies, Sept 28-29 2006, Dublin, 
Ireland 

“Jet Measurements for Development of Jet Noise Prediction Tools” 

James Bridges, NASA Glenn Research Center 

The primary focus of my presentation is the development of the jet noise prediction code JeNo 
with most examples coming from the experimental work that drove the theoretical development 
and validation. JeNo is a statistical jet noise prediction code, based upon the Lilley acoustic 
analogy. Our approach uses time-average 2-D or 3-D mean and turbulent statistics of the flow as 
input. The output is source distributions and spectral directivity. 

NASA has been investing in development of statistical jet noise prediction tools because these 
seem to fit the middle ground that allows enough flexibility and fidelity for jet noise source 
diagnostics while having reasonable computational requirements. These tools rely on Reynolds- 
averaged Navier-Stokes (RANS) computational fluid dynamics (CFD) solutions as input for 
computing far-field spectral directivity using an acoustic analogy. There are many ways acoustic 
analogies can be created, each with a series of assumptions and models, many often taken 
unknowingly. And the resulting prediction can be easily reverse-engineered by altering the 
models contained within. However, only an approach which is mathematically sound, with 
assumptions validated and modeled quantities checked against direct measurement will give 
consistently correct answers. Many quantities are modeled in acoustic analogies precisely because 
they have been impossible to measure or calculate, making this requirement a difficult task. 

The NASA team has spent considerable effort identifying all the assumptions and models used to 
take the Navier-Stokes equations to the point of a statistical calculation via an acoustic analogy 
very similar to that proposed by Lilley. Assumptions have been identified and experiments have 
been developed to test these assumptions. In some cases this has resulted in assumptions being 
changed. Beginning with the CFD used as input to the acoustic analogy, models for turbulence 
closure used in RANS CFD codes have been explored and compared against measurements of 
mean and rms velocity statistics over a range of jet speeds and temperatures. Models for flow 
parameters used in the acoustic analogy, most notably the space-time correlations of velocity, 
have been compared against direct measurements, and modified to better fit the observed data. 
These measurements have been extremely challenging for hot, high speed jets, and represent a 
sizeable investment in instrumentation development. As an intermediate check that the analysis is 
predicting the physics intended, phased arrays have been employed to measure source 
distributions for a wide range of jet cases. And finally, careful far-field spectral directivity 
measurements have been taken for final validation of the prediction code. Examples of each of 
these experimental efforts will be presented. 

The main result of these efforts is a noise prediction code, named JeNo, which is in mid- 
development. JeNo is able to consistently predict spectral directivity, including aft angle 
directivity, for subsonic cold jets of most geometries. Current development on JeNo is focused on 
extending its capability to hot jets, requiring inclusion of a previously neglected second source 
associated with thermal fluctuations. A secondary result of the intensive experimentation is the 
archiving of various flow statistics applicable to other acoustic analogies and to development of 
time-resolved prediction methods. These will be of lasting value as we look ahead at future 
challenges to the aeroacoustic experimentalist. 
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Flow+Sound Database Conditions 
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Axisymmetric Turbulence Model for Second 

Order Correlations 
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Baseline Data for CFD/CAA validation 

Flow Stats 
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Evaluating RANS Turbulence Models for Jets 
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Final Validation of Spectral Directivity 
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Baseline Data for CFD/CAA validation 

Far-field Acoustics 
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Chevron benefit comparison — PNL 
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Nice agreement model to full scale! 
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Passable recognition of spectral benefit. 


Problem with Freejet Correction in Small Scale 
Source Distribution Assumption 



Issues with projecting to flight at angles near jet axis. 
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MGBK to JeNo: What Changed? 

Realistic two-point space-time correlation model. 



Accurate refraction by adjoint Green’s function. 


National Aeronautics and Space Administration 


I 


CD 

■o 

O 

O 



>* 




D) 




O 

0 



0 

"-4—* 

c 



0 

0 



O 

0 

JO 



0 

D 

0 



O 

O 



O 

0 



0 

0 



_c 

"O 


o 

■ 

0 

O 

O 


X — 

0 



> 

"O 

O 

o 


o 

E 

o 


0 

"O 

c 

T5 

0 

o 

z 

0 

Q_ 

0 


0 

C 



C 

■ ““ 



Q_ 

E 

CO 

CO 

CD 

"CD 

0 

"0 

;g 

"CD 

> 


0 

"c 

0 

E 

0 

> 

o 

Q_ 

E 


0 

0 


0 * 
E CD 
0 CD 


0 

c 

0 

0 

c 

0 

s_ 

t_ 

0 


§ s 
II 

o 

O 

O) 



^ -4—* 

-»— » 

0 


^ <D 

CO 

-i— » 


°-P 

CO 

0 

0 

O © 

o 

"O 

c 

0 

n ° 

0 

0 

CO 

J 2 M— 

Q. 

c 

0 o 

0 


0 




■=> 

o 



io o in o 

03 03 CO CO 


2 P 

8 ^ 

° GO 

C3 

o a 
$> § 
s b 


10th CEAS-ASC Workshop — Oct 2006 www.nasa.gov so 


National Aeronautics and Space Administration 




CM 


CO 


10th CEAS-ASC Workshop — Oct 2006 www.nasa.gov 51 


National Aeronautics and Space Administration 


I 


0 

o 


03 

O 


O 

"D 



0 


4 —^ 

L. 



c 

CD 

0 


0 

c 

E 

CL 

0 " 

c 

Q. 


0 

O 

O 

E 

> 

0 

'0 

0 

> 

0 

c~ 

_c 

0 

0 

0 

O 

CL 

0 

■0 

0 



0 

"D 


0 

‘o 

O 


O 

c 

O 


C 

■4— < 

C 


CO 

0 

O 


0 

CD 

" 4 — » 

O 


b 

C 

TD 


_ 

T3 

0 


0 

C 



0 

Q. 

0 

o 

c 

o 

o 

c 

o 

o 

0 

C ~0 
0 0 

E 


0 

E 


0 »-*- 
» __ 

CO ^ 


0 

"D 

C 

0 


0 

Q_ 

X I 

LU 


■g 

CD 


0 

C 

o 

4— > 

Q_ 

E 

0 

0 

0 

CO 

CD 

c 

o 

0 

o 


Q. 

O 

0 

> 

0 

■0 

0 

■0 

o 

E 

CD 

c 

T3 

0 

0 


0 

0 

'o 

c 


CD 

'0 

_c 

CD 

C 

> 

'CD 


_0 

0 

■D 

O 

E 

"co 

g 

"0 

0 

H— » 

CO 

i— 

£ 

to 

o 

0 ® 
® 0 

? & 
0 0 

0 2 

x: 0 

O p- 

P 0 


co 

LU 0 

s | 

c .E 

O CL 

'4— > C 

0 -E 
o 

Ei sz 

o o 

0 --C3 

Q. ® 
0 0 


8 Q 

1 = 

o -S 

0 o 

1 £ 
~ 0 
S O' 


I I I I 


I I I 


10th CEAS-ASC Workshop — Oct 2006 www.nasa.gov 52 


